Abstract: During the diazo-coupling reaction, nucleophilic displacement of a nitro group was also observed. This was the main reaction (1→7) when the starting amine bore either a chlorine or methoxy group at the para position (1b-c). The newly prepared compounds (7) might serve as convenient building blocks in synthesis of some heterocycles.
Introduction
The diazo-coupling reactions have long been used in synthesis of various types of azobenzene derivatives [1] [2] [3] [4] . These coupling compounds play important roles as convenient precursors in the construction of heterocyclic ring systems [5] [6] [7] . Among others, benzotriazole derivatives are prepared from o-nitroanilines via formation of diazonium ion, followed by diazo-coupling with phenol and reduction [8] [9] [10] [11] . Some of the benzotriazols have significant pharmacological activities [12] [13] [14] [15] . Derivatives of 2-aryl-2H-benzotriazole have been utilized as building blocks in the preparation of ultraviolet light absorbers [11, [16] [17] [18] [19] .
Due to characteristic colors of azobenzenes diazo-coupling reactions are also used in visible spectrophotometric determination of bioactive compounds during preparation of pharmaceuticals and in synthesis of dyes and pigments [20] [21] [22] .
Our interest in the synthesis of heterocycles containing benzotriazole scaffold led us to focus on the diazo-coupling reactions with functionalized o-nitroanilines (Scheme 1).
In some cases the nitro group was observed to be a leaving one [2, [23] [24] [25] [26] [27] [28] . In some reactions the diazonium group had accelerated the elimination of a nitro group [29] [30] [31] .
Experimental Procedure
All solvents were used as received from commercial vendors and no further attempts were made to purify or dry them. Melting points were determined on a Büchi apparatus and are uncorrected. IR spectra were recorded on Bruker Alpha FT Spectrophotometer.
1 H NMR and 13 C NMR spectra were recorded on a Bruker DRX-500 spectrometer operating at 500 MHz and 125 MHz, respectively. All NMR spectra are reported in ppm relative to TMS. Merck precoated silics gel 60 F 254 plates were used for TLC and Kieselgel 60 for column chromatography. Solvents were mixed on a v/v basis. GC/MS measurements were made on a HP-5890 serial II + (GC-HP-5971A), column Restec Rtx 5-MS 30 mx0.25 mmx0.25 µm; carrier gas He, linear velocity 33.4 cm s -1 (85 kP, 200°C), split 30 mL min -1 ; temperature program 250°C for 2 min, ramp 10°C min -1 , to 310°C, 15 min held; injected volume 2 µMassrange 50-450, scan rate 1.90 scan sec -1 .
Preparation of azo-compounds 4 and 7: General Procedure
A solution of o-nitroaniline 1 (6.9 g, 50 mmol) in conc. HCl (25 mL) was diazotized at 0°C by the dropwise addition of an aqueous solution of NaNO 2 (5N, 10 mL,50 mmol) over the period of 30 min. The cold solution of o-nitrobenzenediazonium chloride (2) was then added to a cold solution of the appropriate phenol 3 (50 mmol) in a mixture of isopropanol (30 mL) and 10% solution of NaOH (45 mL) over the period of 1h. After warming up to room temperature, the reaction mixture was acidified with conc. HCl, and the reddish precipitate was collected by filtration, washed with water, and purified by column chromatography on silica gel (hexane-toluene 1:1 as eluent). 
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Preparation of 3-(5-Chlorobenzo-triazol-2-yl)biphenyl-4-ol (8a)
Formamidinesulfinic acid (3.6 g, 33.5 mmol) was added to a stirred solution of 4e (4.8g, 15.2 mmol) in 4N NaOH (30 mL, 120 mmol) and the resulting mixture was heated under reflux for 30 min. After cooling to room temperature the precipitate was collected by filtration, washed with cold water and dried. Yield 
Preparation of 2-(5-Chloro-2H-benzo[d] [1,2,3]triazol-2-yl)-4-cyclohexyl-phenol (8b)
Formamidinesulfinic acid (1.6 g, 14 mmol) and 4N NaOH (12.5 mL, 50 mmol) were added to a stirred solution of 4f (2.3 g, 6.4 mmol) in EtOH (18 mL) and the resulting mixture was refluxed for 30 min. After cooling to room temperature the reaction mixture was acidified with aqueous HCl, the precipitated crystals were collected by filtration, washed with water, and dried. Yield 1.1 g (53%), yellow crystals; mp 117-118°C; 
2-(p-Tolyloxy)-4-methoxybenzenamine (9c). Reduction of compounds 7
Method A: Formamidinesulfinic acid (0.44 g, 4 mmol) was added to a suspension of compound 7 (1.8 mmol) in aqueous NaOH solution (1.4 mL, 40%, 20 mmol) and the resulting mixture was heated under reflux for 30 min. After cooling the reaction mixture, the precipitate was collected by filtration, washed with water, and purified by column chromatography (hexane-acetone, 5:2).
Method B: Formamidinesulfinic acid (0.34 g, 3.2 mmol) was added to a suspension of compound 7 (1.8 mmol) in aqueous 4N NaOH (2.8 mL, 5.6 mmol) and the resultant mixture was stirred on an oil bath at 50°C for 1h. After cooling, the mixture was acidified with 2N HCl, extracted with CH 2 Cl 2 (3 x 10 mL), the organic extracts were dried (MgSO 4 ), and then the solvent was evaporated under reduced pressure. The residue was purified by column chromatography (using hexane-CH 2 Cl 2 1:1 as eluent). 
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3-(4-Nitrophenylazo)biphenyl-4-ol
A solution of p-nitroaniline (1.38 g, 10 mmol) in conc. HCl (5 mL) was diazotized at 0°C by the dropwise addition of an aqueous solution of NaNO 2 (5N, 5 mL, 12.5 mmol) over the period of 15 min. This cold solution of p-nitrobenzenediazonium chloride was then added to a cold solution of the phenol 3b (1.7 g, 10 mmol) in a mixture of isopropanol (15 mL) and 10% NaOH (9 mL) over the period of 1h. After warming up to room temperature the reaction mixture was acidified with conc. HCl, and the precipitate was collected by filtration, washed with water, and purified by column chromatography on silica gel (hexane-CH 2 Cl 2 1:1, as eluent). Yield: 2.5 g (78%) yellow crystalline solid; mp 176-179°C (Lit. [38] 
Results and Discussion
When the coupling reaction of compound 2a was carried out at low temperature (0-5°C) we observed the nucleophilic displacement of the nitro group as a side reaction (Table 1 , entry 1). This prompted us to investigate the preparation of azobenzenes from o-nitroaniline derivatives containing various substituents on the benzene ring (1) and on the phenol (3).
The reaction between diazonium salt 2a and phenols 3a-c provided the expected azobenzenes 4a-c in acceptable yield. In these cases only trace amounts of phenol ethers 7a-c were isolated (Table 1, entries 1-3) . The latter were formed in the nucleophilic displacement of the nitro group with a phenol followed by coupling with another phenol molecule (2→5→7).
The coupling reaction of compound 2b, having an electron withdrawing substituent at p-position, resulted in formation of a mixture of the coupling compound (4d-f) and the azo-ether (7d-f). Furthermore, in the coupling reaction with 4-hydroxybiphenyl (3b) and 4-cyclohexylphenol (3c) azo-ethers 7e,f were the major products (entries 5 and 6); small amounts of diphenyl ethers 6a,b were also isolated in these cases. Obviously, these ethers were formed by the reduction of the intermediates 5e,f.
Diazonium salt with methoxy group in p-position (2c), also yielded azo-ethers 7g,h in diazo-coupling reactions (entries 7 and 8).
All attempts of carrying out the coupling reactions in acidic media have led to the slow decomposition of the diazonium salts 2.
The structures of the new compounds were determined by spectroscopic methods and chemical transformations. For instance, reduction of azo compounds 4e,f with formamidinesulfinic acid yielded benzotriazols 8a,b (respectively). Likewise, reduction of compounds 7a,c,g gave a mixture of two amines 9a-c and 10.
In summary, we had investigated the diazo-coupling reactions and observed the nitro group to be a leaving one in aromatic nucleophilic substitution. This "side" reaction became the main one when the starting compound had electron withdrawing substituent at the m-position in relationship to the nitro group. In this position the substituents (chlorine and methoxy group) could exert only inductive electron withdrawing effect. Furthermore, the replacement of the nitro group should take place on the diazonium salt (2). Our attempt to displace the nitro group on the coupling product 4 failed even at higher temperature.
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